Abstract. 2014 We present here the stress evolution under thermal neutrons irradiation of NiC/Ti multilayers used in supermirror neutron guides. After irradiation, titanium undergoes a change of structure. Stresses in nickel layers have been determined: it is shown that the evolution under irradiation depends on the deposition process. Microsc. Microanal. Microstruct. 8 
Introduction
The development of the use of neutron in the study of condensed matter leads to the need of high quality neutron optic devices, and especially very efficient neutron guides. The use of supermirrors coatings enables to reach that goal. Supermirrors are aperiodic multilayers of spacer (in our case Ti) and reflecting (in our case NixC1-x, where x = 90%) materials alternately deposited on a flat surface (glass substrate for instance). These guides being submitted to neutron irradiation, we are interested in determining the effects of the radiation on the structural and mechanical properties of these guides in order to estimate their lifetime. In this aim, NixC1-x/Ti multilayers have been characterized before and after neutron irradiation by neutron reflectivity and X-ray diffraction. Stress evolution under irradiation have been determined in the layers to ensure that the layers will not peel off from the glass substrate.
Samples
This subject has been studied at the Léon Brillouin Laboratory (CEA Saclay (Fig. 1) . This fcc Ti phase has been previously observed by Jankowsky and Wall [4] on Ti deposited on a Ni single crystal and in Ni/Ti multilayers. This change of structure has not been observed in the annealed samples. We can thus assume that this structural modification is a consequence of neutron irradiation itself, but not of the heating during irradiation, but this will be discussed further. Furthermore, nickel structure remains unchanged after irradiation as well as after annealing. where C is the X-ray elastic constants tensor of the material.
In case of textured material, a specific analysis must be improved. It has been fully explained for cubic materials elsewhere [5] . The main assumptions are:
the material is fibber textured, -the in-plane stress is isotropic and biaxial: 03C31 = 03C32 = 03C3~ = 03C3, -the stress is constant in each grain (Reuss hypothesis).
With these assumptions, the dhkl measurements can be performed on différent (hkl) planes corresponding to appropriate 03C8 angles (with respect to the texture axis) but for only one 0 (see Fig. 2 ) angle (Tab. II). According to mechanics laws, we can then rely the measured strain c as a function of the single crystal elastic constants Sij and the in-plane stress cr. In the case of a cubic material with a {111} (uvw) fibber texture, the relationship is written as: From the slope p of the 03B5 = f (sin2 03C8) curve (Fig. 3) one can deduce the residual stress 03C3:
Of course, it is now well-known that for such thin films the stress free lattice parameter is in general rather different from the bulk value. Using a bad lattice parameter will lead to wrong stress result. The determination of this parameter is therefore fundamental, especially for our NiC films. As a consequence, the lattice parameter of the nickel films has been deduced from the value of a'ljJ for a 1jJ value defined by c'ljJ = 0, leading to sin203C8 = (2S12 + 2/3S0)/(1/2 S44), and introduced in the strain and thus stress calculus. This calculus is correct assuming the stress component 03C333 normal to the surface null, which is in accordance with mechanical equilibrium of the system.
In the case of the hcp Ti, the same calculus can be written. In the specific case of {001} (uvw) fibber texture, we obtain the following expression between the measured strain ccP and the stress cr: leading to the stress through:
In the case of hexagonal structure, it is no more possible to extract the two stress free lattice parameters from the stress analysis. One more hypothesis is necessary. In this work, we assumed a constant c/a ratio equal to the bulk one, whatever the irradiation or thermal treatment of the samples. This implies an isotropic deformation of the unit cell with a possible Figure 3 .
Expérimental Results
The results obtained in the nickel and titanium layers are reported in Figure 4 and Table III respectively. It is quite difficult to extract some coherent interpretation from the stress analysis in titanium layers. These results depend on the assumptions we did for the stress calculus and moreover, when we have the structure modification from hexagonal to cubic, it is no more possible to calculate the stress because of the unknown elastic constants. Figure 4 shows the (Fig. 4a) and annealed (Fig. 4b) samples. We can see that stresses decrease in the CILAS samples after irradiation whereas they increase in the LOE samples. We can also notice that stresses remain almost constant in the CILAS samples whatever the annealing time. Figure 5 The deposition conditions, through may be the deposition rate, have a strong influence on the layers behavior.
Stress relaxation after irradiation should be attributed to radiation damages rather than to température effects.
Glass substrate strongly influenced the layers in term of microstructure (lattice parameter évolution).
Discussion
The cubic titanium structure we found has been already observed [4, 6] . It is sometimes explained by the formation of TiHx structure. For our materials, this implies hydrogen contamination which is in fact observed using RBS analysis. The 
